Current interest in the RMF/Un mouse strain stems from the high incidence of myeloid leukemia and increased incidence of thymic lymphoma after radiation of the host mice (27) . This could be of particular importance as a model because myeloid leukemia also occurs in humans exposed to high-level whole-body irradiation. Throughout the lifespan of these mice, an endogenous retrovirus is spontaneously expressed in hemopoietic cells. The involvement of this virus with any neoplasia has not been unequivocally established, although evidence indicating a retrovirus etiology for radiation-induced myeloid leukemia has been presented (14) .
The RFM/Un strain has been found to yield a single biologically homogeneous host range class of endogenous virus from both normal and neoplastic cells (26) . This mouse strain carries the Fv-1n allele, and the chemically induced RFM/Un virus (RFV) is N-tropic (ecotropic); however, unlike those of AKR mice, RFM fibroblasts are quite resistant to exogenous infection with the induced virus. RFM/Un fibroblast cultures are resistant to infection by other induced N-tropic viruses (WN1802N from BALB/c cells and AKV from AKR cells) but are not resistant to the highly passaged Gross leukemia virus (GLV). We have recently reported some biological and biochemical characteristics of this virus (26) , and we report here the results of restriction endonuclease mapping studies, molecular cloning, and nucleotide sequence analysis of the long terminal repeat (LTR) region of an infectious DNA clone of RFV.
The RFV used in this study was induced from RFM 3T3 cells by 5'-iodo-2-deoxyuridine treatment and passed once in SC-1 cells (26) . A modification of the procedure of Hirt (12, 31) was used to prepare unintegrated RFV DNA from SC-1 cells 48 h after infection at a multiplicity of infection of 1.
A preliminary restriction endonucleaseSouthern gel blot analysis (22) nant plasmid clones pRFV101 (8.2-kiobase-pair insert) and pRFV105 (8.8-kilobase-pair insert) were amplified (6), and DNA was extracted and analyzed by restriction endonuclease digestion. It was obvious that the inserts of these two clones have the same map of the permutated structure, with the exception of one copy of the LTR. There were no apparent deletions or gross rearrangements in either of these cloned genomes.
The plasmid clones pRFV101 and pRFV105 were tested for their biological activity by DNA transfection in NIH 3T3 cells by the calcium phosphate precipitation method (10) as previously described (13) . After one or more passages, each transfected culture was assayed by the XC assay (21) . The insert isolated from pRFV105 was positive, whereas the insert of pRFV101 was not. Virus isolated from the XCpositive transfected culture was characterized by titration on RFM 3T3, NIH 3T3, C57BL, and SC-1 cell cultures and was compared with our standard RFV stock (Table 1) (16), utilizing restriction endonuclease sites within and around the two joined LTRs of pRFV105, is shown in Fig. 1 . The complete nucleotide sequence is shown in Fig. 2. There were two tandem 527-base-pair LTRs which had a 13-base-pair inverted repeat at the termini. Adjacent to the left LTR was a 21-base sequence complementary to the 3' sequence of the tRNAF'ro primer (01 L to -21 L) (see Fig. 2 for nomenclature). There were two overlapping GCG triplets (384 L to 386 L), one of which may be the RNA capping site. Preceding this site by 20 bases was a 5'-TATAAAA-3' sequence which was a 7-of 8-base match to the polymerase II consensus sequence (7, 32) . Another AT-rich se- The sequence shown is of the strand which has the same polarity as the genomic RNA. Sequences of structural or regulatory importance are boxed and designated as follows: IR, inverted repeat; "CAT" and "TATA", polymerase II consensus sequences; pA, polyadenylation signal; PBS, primer binding site. The 5' (i.e., cap) and 3' (minus polyadenylate) ends of the genomic RNA are indicated.
quence, 5'-ATTAAA-3' was observed at positions 292-298. However, the extent of homology to the polymerase II consensus sequence and the more distal position relative to the putative RNA capping site render this sequence less likely to be the promoter for RNA synthesis. A signal for polyadenylation, 5'-AATAAA-3' (18) , was observed at positions 430-435, and a CA dinucleotide, the preferred site for polyadenylation, was observed 15 nucleotides downstream. Thus, the LTR of RFV contains all of the structural features characteristic of murine type C retroviruses (8, 24, 25, 28) .
Because RFV was an endogenous virus with a minimal passage history, the LTR sequence of this virus was a good reference point with which to measure the variation in sequence which existed in other isolates. In Fig. 3 we schematically show the positions where the bases of four other mouse retroviruses differed from those of RFV. The first three, GLV, WN1802B, and AKV, were virtually identical to RFV. The exception is that both AKV and WN1802B had duplications (of different length) in the mid-U3 region, which corresponded with the duplicated "'enhancer" sequence of Moloney murine sarcoma virus (15); also, GLV had an insertion in this region, part of which was a duplication of sequences downstream. There is evidence which indicates that all ecotropic mouse retroviruses have a common origin (23) , and it was therefore not surprising that the LTR sequence of the endogenous viruses of RFM/Un, AKR, and BALB/c cells were similar.
The GLV (passage A) originated from an AK leukemia filtrate passaged in C3H mice (11) and was almost certainly derived from AKV. The extreme similarity of the RFV and GLV sequences was somewhat surprising given the long passage history of GLV, both in vivo and in vitro, and the fact that GLV is oncogenic. The RFV isolate has not been shown to be oncogenic (26) , in agreement with studies on AKV. Although the AKV and GLV genomes are very closely related, there are oligonucleotide differences scattered throughout the genome, with the major differences in the 3' region (5). From our study the only substantial difference between the LTRs of RFV and GLV and the 36-base-pair insertion in the U3 region of GLV, although (minus polyadenylate) ends of the genomic RNA are indicated by arrows and separate the LTR into three regions; U3 is unique to the RNA 3' end, R is a short terminal repeat, and U5 is unique to the RNA 5' end. Base changes relative to the pRFV105 sequence (Fig. 2) there were seven single-base changes. We do not know if these changes alone accounted for the differences in the oncogenic property of GLV relative to RFV.
Moloney murine leukemia virus, like GLV, causes T-cell leukemia (17) , but the two viruses have only 40% sequence homology (2) and show many differences in restriction enzyme sites in the genome (9, 19, 30) . A comparison of the RFV LTR with the Moloney murine sarcoma virus/murine leukemia virus LTR (8, 28, 29) revealed base changes scattered throughout the sequence, with a higher proportion in the U3 region (Fig. 3) . It is interesting to note that there were base changes directly adjacent to the eucaryotic consensus sequences for RNA polymerase II transcription. Additional comparisons of this type will be required to determine just how great the tolerance for sequence divergence is, but it appears to be considerable. A comparison of Moloney virus and AKV LTR sequences also reveals this divergence (29) .
Our analysis of the molecular clone and previous biochemical characterization indicated that RFV was a typical endogenous N-ecotropic retrovirus, although the replication was severely restricted by RFM/Un cells as compared with other Fv-1n mouse cells (26 
